In a series of papers on our chemical and chemotaxonomical studies of Rhoiptelea chiliantha DIEL et HAND.-MAZZ., the only species of the family Rhoipteleaceae, we have reported the structural elucidation of triterpenes, 1) triterpene esters 2) from the barks, diarylheptanoids, 3) ellagitannins, 4) euphanetype triterpene bisdesmosides and tridesmosides, 5) and dammmarane-type triterpene glycosides 6) from the fruits and leaves. In a continuation of this investigation, we chemically studied the branches whose constituents have not yet been examined, and also further separated the composition of the fruits. Herein, we describe the structural elucidation of two pyrrolidine alkaloids (1 and 2) from the fruits, a diphenyl ether-type diarylheptanoid (3) and a naphthalene carboxylic acid methyl ester (4) which is biogenetically-related to juglone from the branches.
lations shown in Fig. 1 determined the positions of the carboxylic acid group and methoxyl group in C-2Ј and C-6Ј, respectively, in the benzene ring. Furthermore, the HMBC correlations from H-2 signal to C-1Ј, C-2Ј and C-6Ј signals confirmed the linkage of 2-substituted pyrrolidine ring to the benzene ring at C-1Ј position. Thus, the plain structure of 1 was concluded to be as shown in Fig. 1 . The absolute configuration of C-2 of 1 was determined to be R on the basis of observation of a negative Cotton effect at 246 nm in the CD spectrum. 7) Compound 2 was also isolated from the fruits as colorless crystals, mp 221-223°C and showed a positive reaction to ninhydrin reagent on TLC by heating. Its molecular formula of C 12 H 15 NO 2 was deduced from the data of EI-MS spectrum (molecular ion peak at m/z 205 [M] ϩ ) and elemental analysis. The 1 H-and 13 C-NMR data of 2 were very similar to those of 1, exhibiting a 2-substituted pyrrolidine ring, a carboxylic acid group, an N-methyl group and a benzene ring. However, the presence of a 1,2-disubstituted benzene ring in 2 instead of a trisubstituted one in 1, and the absence of methoxyl group in 2 indicated that there is no methoxyl group in C-6Ј of the benzene ring. By comparing the NMR data of 2 with those of dihydroshihunine isolated from Banisteriopsis cappi (Malpighiaceae), 7) 2 was determined to possess a plain structure the same as dihydroshihunine. But the sign of the optical rotation of 2 (Ϫ257.4°) is opposite to that (ϩ234.7°) of 2Sdihydroshihunine, suggesting 2 has a 2R configuration. Additionally, the appearance of a negative Cotton effect at 244 nm in the CD spectrum of 2 also confirmed this conclusion. From the above evidence, compound 2 was assigned to 2Rdihydroshihunine.
Compound 3 was isolated from the branches as a white amorphous powder which showed an [M] ϩ ion peak at m/z 358 in the EI-MS spectrum. Taking the 13 C-NMR data and the result of elemental analysis into account, the molecular formula of 3 was established to be C 21 H 26 O 5 . In the 13 C-NMR spectrum, the signals due to two aromatic nuclei and seven aliphatic carbons along with two methoxyl groups were observed, indicating that 3 is a diarylheptanoid. Analysis of the aromatic signals in the 1 3 .98 (each 3H, s)] were also confirmed in the 1 H-NMR spectrum. The 1 H-and 13 C-NMR spectral data mentioned above are very similar to those of platycarynol 8) (5) isolated from Platycarya strobilacea (Juglandaceae), suggesting that 3 is a diphenyl ether-type diarylheptanoid. The correlations of the aliphatic protons in the 1 H-1 H COSY spectrum displayed the connectivities from C-7 to C-13 ( Fig. 2) , revealing the location of a hydroxyl group at C-9 position. The NOE correlations between H-13 and H-19, between H-13 and phenolic hydroxyl, and between H-6 and H-8 which were observed in the NOE spectrum of 3 revealed the linkage of C-7 to C-5 of benzene ring A and C-13 to C-14 of benzene ring B (Fig. 2 ). Furthermore, the NOE correlations between H-3 and methoxyl (d H 3.98), between phenolic hydroxyl and methoxyl (d H 4.00) indicated the positions of methoxyls and hydroxyl in benzene rings. Hence, the linkage diphenyl ether is determined to be between C-1 and C-17. From the above evidence, the plain structure of 3 was determined to be as shown in Fig. 2 .
To determine the absolute configuration of the secondary hydroxyl group at C-9, 3 was methylated with CH 2 N 2 to give 3a which was further esterified by (R)-a-methoxy-a-(trifluoromethyl)-phenylacetic acid (MTPA) and (S)-MTPA, respectively. By applying the modification of Mosher's method 9) to the MTPA esters (3b, c) of 3a, the positive and negative Dd (d S Ϫd R ) values shown in Fig. 3 unequivocally indicated a 9R configuration in compound 3.
The negative Cotton effect at 241 nm and the positive one at 218 nm in the CD spectrum suggested the chiral plane of 3 is expressed as S configuration which is the same as that of (Ϫ)-galeon, a diarylheptanoid isolated from the Myrica plant. 10) Compound 4 was isolated as a light yellow powder from the branches. Its molecular formula was determined to be . The 13 C-NMR spectral data indicated the presence of an ester carbonyl (d C 172.2), a methoxyl group (d C 52.6) and 10 aromatic signals, suggesting 4 is a naphthalene carboxylic acid methyl ester. Therefore, the remaining residues of 4 are deduced to be two hydroxyl groups. The carbonyl and these two hydroxyl groups were determined to be located in C-2, C-1 and C-4, respectively, of the naphthalene ring by the HMBC correlations shown in Fig. 4 . A glucoside of hydroxynaphthalene carboxylic acid methyl ester related to 4 was reported to be present in Juglans mandshurica (Juglandaceae). 11) Compound 4, a methyl ester of compound 6, may be an artifact produced in the course of plant extraction or isolation. In conclusion, we have isolated four new compounds (1-4) from the fruits and branches of Rhoiptelea chiliantha (Rhoipteleaceae). Compounds 1 and 2 belong to pyrrolidinetype alkaloids. Interestingly, compound 2 possesses an antipodal structure of 2S-dihydroshihunine which was isolated from Banisteriopsis cappi (Malpighiaceae). 7) Compound 3 has the same skeleton as 5 which was isolated from Platycarya strobilacea (Juglandaceae) in our previous paper. 8) Compound 4 is considered to be biogenetically-related to juglone which is widely distributed in Juglandaceous plants.
Chemotaxonomic studies on the Rhoipteleaceae based on our extensive and detailed investigations on the chemical constituents of Rhoiptelea chiliantha DIEL et HAND.-MAZZ. [1] [2] [3] [4] [5] [6] have suggested the relationships of the order Rhoipteleales (comprising Rhoipteleaceae) to the Juglandales (comprising Juglandaceae), Fagales (comprising Betulaceae and Fagaceae) and Myricales (comprising Myriaceae). 3) The existence of 3 and 4 reported in the present paper further supported the affinity of a systematic position between the Rhoipteleales and Juglandales, and suggested the Juglandales is probably the most closely related order to the Rhoipteleales.
Experimental
General Melting points were determined on a micromelting point hot stage apparatus (Yanagimoto) and are uncorrected. 
